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Department of Medical Biochemistry, Kuru.me University School of M edicine, Fu.lw.oha-hen., Japan 
Hypoxanthine I guanine phosphoribosyltransferase 
was purified from bovine snout epidermis, about 600-
fold by a combination method of centrifugation, ammo-
nium sulfate fraction, Sephadex G-200 and DEAE cellu-
lose chromatography. Enzymatic properties of the puri-
fied enzyme were determined as follows: pH optimum 
7 .2, temperature optimum 56°C, and 82,000 in molecular 
weight. In the presence of phosphoribosyl pyrophos-
phate, the enzyme was extremely heat-stable. The en-
zyme displayed Michaelis-Menten kinetics with apparent 
Michaelis constants for hypoxanthine, guanine and phos-
phoribosyl pyrophosphate of 1.59, 20.4 and 72.6 IJ.M re-
spectively 
Hypoxanthine I guanine phosphoribosyltransferase 
(HGPRTase, EC 2.4.2.8.) is a salvage enzyme responsible for 
t he conversion of purine bases, hypoxanthine or guanine, to the 
corresponding 5'-ribonucleotide, IMP or GMP. 
S ince the genetic de fi ciency of HGPRTase was found to be 
related to the Lesch-Nyhan syndrom e, the salvage pathway for 
purine nucleotide synthesis in huma n h as stimulated much 
interest. The salvage pathway for nucleic acid biosynthesis as 
well as a regulatory bala nce·between salvage a nd de novo route 
are of crucia l impor t.a nce in t he nucleic acid m etabolis m . In the 
normal epidermis continuous cellular re newal occw-s in the 
basal cell layer, while decomposit ion of cellular nucleus occurs 
during formation of horny layer. In fact, the epidermis is a 
tissue typified by a rapid cellular turnover and differentiation . 
HGPRTase having distinct physiological properties have been 
studi ed in gen etic and biological r espects at several la boratories. 
The enzyme has been pw-ified from huma n erythrocyte [1-3] 
chinese ha mster brain [ 4], rabbi t brain [5]nd E . coli [6]. These 
h ave been no reports of attempts to purify the salvage enzyme 
fro m epidermis. For these reasons, hypoxa nthine/guanine phos-
phoribosyltransferase (HGPRTase) , xanthine phosphoribosyl-
transferase (XPRTase), a nd a de"nine phosphoribosyltransferase 
(APRTase) in bovine snou t epidermis were investigated to 
assess their physiological impact in the nucle ic acid metabolism . 
W e have fw-ther embarked on the purification a nd character-
istics of HGPRTase, which is a predomina nt e nzym e in the 
salvage pathway. 
MATERIALS AND METHODS 
Bovine snouts were obtained from a slaughter house. The skin was 
excised ,and the subcutaneous tissue was removed. The skin was cut 
into ~-4 em sq uare pieces, which were sliced in to seria l horizonta l 
sections of lO 1.1m thickness with a labo ratory cryostat microtome. The 
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APRTase: adenine phosphoribosyltransferase 
OTT: dithiothreitol 
HGPRTase: hypoxanthine/guanine phosphoribosyltransferase 
IMP: inosine monophosphate 
PRPP: phosphoribosyl pyrophosphate 
XPRTase: xanthine phosphoribosyltransferase 
slices were homogenized in 10 vol of distilled water with a glass 
homogenizer, and the homogenate was centrifuged at 20,000 xg for 20 
min. The resul ting supernatant was used as a source of enzyme in this 
paper. 
Hypoxanthine-8- '"C (58 mCi/m mol) and aden ine-8-' ''C (54.2 mCi/ m 
mol) were purchased from Radiochemical Centre, Amersham. Guanine-
8-14C (51.3 mCijm mol) and Xanthine-2-'"C (48 mCi/m mol) were 
purchased from New England Nuclear Co. and Commissariat a 
L'Energie Atomiq ue France, respectively. 
Enzyme A ssay 
Enzyme assay was perform ed by isolating the radioisotope labeled 
end-product by electrophoresis according to the method of Kizaki and 
Sakw·ada [7]. The reaction mixtw-e was incubated with 30 J.tl of 0. 1 M 
Tris-HCI buffer (pH 7.4) containing 5 mM phosphoribosyl pyrophos-
phate (PRPP) and 5 mM MgCh, 5 J.tl of '"C-labeled substrate and lO J.t l 
of enzyme solution to be assayed. The radioisotope labeled substance 
used in th is mixtm e was either 0.5 i.LCi/5 1.11 guanine-8- '"C, hypoxan-
thine-8-' "C, adenine-8-'"C or xanthine-2-'"C. After the incubation for 
15 min at 37°C, 5 1.11 of 4 N formic acid was added to the reaction 
mixture (50 fLl in total volume). To the above mixture, 2 111 of an 
authentic inner standard was added (guanine, guanosine, GMP, and 
xanthine in 0.1 N HCl for GPRTase assay; hypoxan thine, inosine, 
inosine monophosphate (IMP), and xanthine in 0.1 N HCl for HPRTase 
assay; adenine, adenosine, inosine and AMP in 0.1 N HCl for APRTase 
assay; xanth ine, xanthosine and XMP in 0.1. N HCI for XPRTase assay; 
5 mM each respectively). 
Ten 1.1l of the resul ting solution was applied on the cathode side of 
cellulose acetate membrane (Cellogel, 2.5 x 9 em) equilibrated previ-
ously with electrophoresis buffer. Electrophoresis was performed in 0.1 
M borate buffe r pH 9.0 or 0.1 M Tris-HCI buffer pH 7.5 at a constant 
voltage of 150 v. After electrophoresis for 40 min, the cellulose acetate 
membrane was removed from the apparatus, and was exposed under 
an ul traviolet lamp to detect the flu orescent areas corresponding to the 
authentic inner standards. The fluorescent areas were cut out and 
immersed in 5 ml of scintillation fluid (4 g PPO, 0.1 g POPOP in 1 L 
toluene). The radioactivity was measu1·ed in Beckman Model LS-233 
counter. The above reaction mixture wi thout PRPP was incubated 
simultaneously with each reaction as a blank. All radioactivity mea-
surements were corrected by subtracting a blank. The enzyme activity 
was calculated from the recovery of the radioactivity associated with 
products, and was expressed as amount of product per min per mg 
protein [7]. 
Determination of Protein 
The amount of protein was determined by Lowry's method [8] with 
bovine serum albumin as standard . 
Concentration of Solution 
The solu tion was concentrated using a dia lysis against a solid sucrose 
at 4°C. MINICON B-15 Filtration Apparatus purchased from Amicon 
Co. was also used for concentration of solution. 
Estimation of Molecular Weight 
The molecular weight was estimated according to the method of 
Andrews [9] with a Sephadex G-200 column (0.9 X 30 em) . Blue dextran 
2,000 (Phamacia), hexokinase (MW 48,000), trypsin (MW 28,000), bo-
vine serum albumin (MW 68,000) were used as the marker protein. 
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RESULTS 
Enzyme Activity in the Epidermis 
Under the above described conditions, enzyme activity was 
proportional to the protein concentration, a nd to the time of 
incubation. 
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Table I summarizes the phosphoribosyltransferase activi ties 
in bovine snoun t epidermis assayed wi th hypoxanthine, gua-
nine, adenine and xanthine as substrate, respectively. The 
epidermis was divided into three successive layers. Table II 
lis ts the distribut ion of enzyme activity. A relatively high activ-
ity was found in the lower epidermis. 
H ypoxan t hin e I gua nin e phosphoribosyltransferase 
(HGPRT ase) has been found to be a predominant enzyme in 
t he salvage system [1]. T o clarify the physiological importance 
of this enzyme in the epidermis, the enzyme activity of bovine 
snout epidermis was compared with those of bovine liver , 
kidney and intestinal epi thelium, as shown in Table III. 
H GPRTase was present in all t issues, and there was no signifi-
cant differences in activi ty among these tissues. 
P urifi cation of HGPRTase in B ovine Snout Epidermis 
S tep ]-Preparation of 20,000 Xg supernatant: Ninety per-
cent of total activity in homogenate was fo und in the 20,000 
.x g supernatant fraction. The 20,000 xg supernatant was used 
as a source for enzyme preparation. 
Step II-A mm.onium sulfate fraction : Solid ammonium sul-
fa te were added slowly to the 20,000 Xg supernatant with 
s tir ring a solution to make a 40% saturation. After standing for 
30 min, the solu tion was centrifuged at 12,000 rpm for 15 min . 
The resul ting supernatant was sepru·ated and the pellet was 
discarded. Fractionation was continued by adding solid am-
monium sulfate to the superna tant, to make a 70% saturation. 
T he precipitate collected by recentrifugation was dissolved in 
a bout 5 ml of 10 mM Tris-HCI buffer (pH 7.8) containing 5 mM 
M gCb, 2 mM dithiothreitol (DTT), 0.1 mM EDTA and 0.1 mM 
p hosphoribosyl pyr ophosphate (P RPP). 
Ninety-six percent of total activity in homogenate was found 
in t he 40 to 70% saturated ammonium sulfate fraction . 
Step III-Gel filtration on Sephadex G-200: The solu tion 
obtained in the previous step was applied to a column (2.5 X 
4 1.5 em) of Sephadex G-200 equilibrated with the buffe r used 
in step II. The column was elu ted wi th the same buffer assaying 
a bsorbance a t 280 nm. The chromatographic profile obtained is 
shown in Fig 1. H GPRTase activi ty was determined on each 
e ffluent fTaction (5 ml each) , with hypoxanthine-8-' ''C as sub-
str ate. Eight fractions indicating HGP RTase activity were com-
b ined (40 ml) . 
TABLE I. P urine phosphoribosyltra.ns(erase activity in bovine snout 
epiderm is 
Substrate Activ ity" 
Hypoxanthine 2.1 7 ± 0.53" (6)'. 
Guanine 4.39 ± 0.80 (6) 
Adenine 0.75 ± 0.29 (5) 
Xanthine 0.16 ± 0.04 (3) 
" T en 1-'l of epiderma l homogenate to be assayed was incubated wi th 
30 f'l of 0.1 M Tris-HCI buffer (pH 7.4) containing 5 mM phosphoribo· 
sylpyrophosphate a nd 5 mM MgCb, a nd 5 1-'1 14C- la beled purine base 
(0.5 1-'Ci) . E nzyme assay was performed by isolating the rad ioisotope 
la beled end-product by cellulose acetate membrane electrophoresis. 
b E nzyme activi ty was calculated from the recovery of radioactivity 
associated wi th products, a nd was shown as a mount of p roduct (nnw!) 
per min per mg protein . Mean ± SD. 
'" Figure in parenthesis shows number of samples analyzed. 
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T A BLE III. Hypoxanthine/ guanine plwsphoribosyltrans(erase 
activity in the bovine various tissues 
Snout epidermis 
Liver 
Kidney 
In testinal epithelium 
E nzyme acli vit,y" 
2.17 ± 0.53 (6) 
1.37 ± 0.45 (3) 
1.59 ± 0.64 (3) 
1. 75 ± 0.62 (3) 
" Hypoxa nthine was used as substrate in the enzyme assay. Act ivity 
was expressed as a mount of product (nmol) per min per mg protein. 
Mean ± SD. Figure in parenthesis shows number of samples a na lyzed. 
Step I V- Chromatography on DEAE cellulose: To the 
above solu t ion, one- tenth vol of 10 mM PRPP was added to 
stabilize the enzyme. The solu tion was concentrated to an 
appropriate volume. 
The solu tion was placed on a DEAE-cellulose column (2.5 
X 10 em) equilibrated with the same buffer used in step II. 
After washing the column with the equilibrated buffer until the 
absorbance of the effluent was sam e as that of eluent, the 
elu tion was carried out wi th a linear gradient of increasing 
potassium chloride concentration. T he mixing chamber con-
tained 100 ml of the equilibrated buffer and the reservoir 
contained 100 ml of the same buffer with 1.0 M potassium 
chloride. The chromatogram obtained was shown in Fig 2, and 
the H GPRT ase activity appeared in the areas eluted with 
concentration of 0.22 to 0.25 M potassium chloride. The fractions 
containing most ofthe activi ty were combined, and was dialyzed 
against a distilled water. T he data from a typical purification of 
enzyme ru·e presented in Table IV, the enzyme was purified 
here than 600-fold . The resul ting preparation was used as the 
pu rified enzyme in this paper. 
Enzymatic properties of purified HGPR Tase 
T he pH curve of t he purified enzyme was determined in the 
bicarbonate buffer, T ris buffer and phosphate buffer, respec-
tively. Maximum activity was observed at pH 7.2 in Tris-HCl 
buffer (Fig 3). Inclusion of magnesium chloride at 0. 1 mM, 1.0 
mM, 5 mM and 10 mM concentration in assay medium affected 
the enzyme activity. T he presence of Mg2+ in the incu bation 
mixture leads to stimulate the enzyme activity, 29.6, 60.8, 100, 
160% with concentration of0.1, 1.0, 5.0 and 10.0 mM respectively. 
To find the effect of temperature, t he enzyme was heated at 
different temperatures for 10 min, quickly chilled in an ice-cold 
water and centrifuged. T he enzyme activity was determined in 
the supernatant. Maximal activity was present after beating to 
56°C (Fig 4). 
After heating the enzyme for 10 min above 70°C, the original 
activity decreased. However in the presence of PRPP, 
HGPRTase was extremely heat-stable. Incubating the enzyme 
with PRPP increased the activity and protected the enzyme 
against heat inactivation as shown in Table V. T he protected 
enzyme retained 82.8 and 64.1% activity after 10 min at 70° and 
80° respectively, while the unprotected enzyme retained only 
70.5 and 19.6% activity at these two kinds temperature. T he 
presence of PRPP stabilized the enzyme for heat treatment. 
HGPRT ase displayed Michaelis-Menten kinetics when one 
of substrates was in limiting amount and other was in excess. 
The Michaelis constant calculated from Lineweaver-Burk 
T ABL E II. Purine salvage enzyme activity in 3 successiue layers of bovine snout ep idermis 
Upper layer 
Middle layer 
Lower layer 
Laye rs<~ 
Ade nine 
0.59 ± 0.09 (2) 
0.51 ± 0.06 (4 ) 
0.61 ± 0. 12 (3) 
Phosphori bosyltransferase acLivity1' 
Hypoxanthine 
1.40 ± 0.24 (4 ) 
1.25 ± 0.19 (4) 
1.81 ± 0.20 (4) 
XanLhine 
0.164 ± 0.005 (3) 
0. 160 ± 0.008 (3) 
0.138 ± 0.028 (3) 
Guanine 
2.94 ± 0.47 (3) 
2.94 ± 0.31 (3) 
3.99 ± 0.54 (3) 
" Bovine snout epidermis was sliced horizonta l sections of 10 1-'111 thickness (approximately 60 s lices obtained) with a laboratory cryostat 
m icrotome. The sliced epidermis was divided in to three successive layers. 
"Enzyme activi ty was determined by isolating the radioisotope labeled end-product by cellulose acetate membrane electrophoresis. Activity is 
s h own as a mount of produ ct (n mole) per mi n per mg protein. Mean ± S D. Figure in parenthesis shows number of samples ana ly~ed. 
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plot was 1.59 !J.M for hypoxanthine, 20.4 !J.M for guanine and 72.6 
!J.M for PRPP. 
Molecular Weight 
An estimation of the molecular weight of purified enzyme 
was made on the basis of behavior on a column of Sephadex G-
200. The a mounts of appropriate elut ion showing the highest 
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FIG l. Purification of bovine snout hypoxanthine/guanine phospho-
ribosyl tran sferase by gel fi ltration of the step III, 40 to 70% ammonium 
sulfate fraction on Sephadex G-200. The sample was added to a column 
(2.5 x 41.5 em) of Sephadex G-200 equilibrated with 10 mM Tris-HCI 
buffer (pH 7.8) con ta ining MgCh, 2 mM OTT, 0.1 mM EDTA and 0.1 
mM PRPP, a nd elution was carried out with the same buffer. T he 
absorbance of the eluent was monitored with UV detector operating at 
280 nm (--). Enzyme activity was assayed by cellulose acetate 
membrane electrophoresis using hypoxanthine as substrate (- --A- - -) . 
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F IG 2. Purification of bovine snou t hypoxanthine/guanine phospho-
ribosyl t ransferase by chromatography of t he step IV on DEAE cellu-
lose. The sample, Sephadex G-200 fraction was applied to a column 
(2.5 x 10 cm) .equilibrated with the same buffer described in Fig 1, and 
t hen developed with a linear gradient of increasing potassium chloride 
co~centration (0 to 0.5 M), detecting the absorbance at 280 nm (--). 
Fractions (5 ml each) were collected and assayed as described in the 
legend to Fig 1 (---A---). 
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FIG 3. Effect of pH on the activity of purified hypoxanthine/guanine 
phosphoribosyltransferase. Each assay mixtme was carried out at t h e 
indicated pH value in 100 mM bicarbonate buffer (X--X), Tris-H Cl 
buffer (e----e) , phosphate buffer (A--A), respective ly. 
absorbance at 280 nm in the each separated protein were 
plotted against the logarithm of the known molecular weights 
of the protein_ A value of 82,000 is obtained for the molecular 
weight (Fig 5) . 
DISCUSSION 
The enzymatic properties which were found in HGPRTase 
pw-ified from bovine snout epidermis, were similar to those 
found from the other tissues, except for a distinct difference in 
pH optimum. In each cases obtained from other tissues, the 
optimum pH has been reported to be specific above 8 in pH [1-
6] in alkaline range. However, optima] pH of epidermal 
HGPRTase was at 7.2, and 88% of enzyme activity was lost in 
alkaline range (pH 10_2). 
In our previous paper [10], the majority of hydrolytic en-
zymes, which are directly related to DNA degradation, were 
found to mainly present in the upper keratinizing zone of bovine 
snout epidermis. However, phosphoribosyltransferase related 
to the salvage pathway, yielded a rather different pattern of 
distribution. In the case ofHGPRTase, a relatively high activity 
was found in the lower epidermis, although a significant differ-
ence was not detected. This is compatible with the suggestion 
of D eLapp and Karasek [11] that DNA synthesis is dependent 
upon the salvage mechanism to supply deoxyribonucleotide in 
the basal layer. 
The HGPRTase/ APRTase activity ratio was calculated in 
the 3 successive layer of bovine snout epidermis, as follows. 
Upper layer 
Middle layer 
Lower layer 
2.55 
2_83 
3.19 
TABLE IV. Purification of hypoxa.n.thin.e/guanin.e plwsphoribosyltra.nsferase from bovine snout epidermis" 
Specific 
Volume activity T'otal Recovery Purifi cation Purification process (ml) (n mole/min activity (%) (fold) per mg (n mole/min) 
protein ) 
Homogenate 51 0.11 337.6 100 1.0 
20,000 xg Supernatant 41 0.96 310.4 92 8.7 
40-70% Saturated ammonium sulfate 6 · 1.9 178.9 53 17 
Sephadex G-200 40 8.9 168.8 50 81 
DEAE-CeUulose 3 66.2 50.6 15 602 
"The data were obtained during the preparation of enzyme from 10.4 gm wet weight of bovine snout epidermis. Deta ils with regard to the 
purification procedure a re given in the text, and the method of assay and definitions of enzyme activity a re described under "material and 
method." 
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FIG 4. Effect of temperature on the activi ty of purified hypoxan-
thine/guanine phosphoribosyltransfe rase. The enzyme was heated at 
the indicated temperature for 10 min, quickly chilled, and centrifuged. 
The enzyme activity in the supernatant was determined using guanine 
as substrate. 
TABLE V. Thermal stability of purified hypoxanthine/guanine 
phosphoribosyltransferase in the presence of ph.osphoribosyl 
py;·ophosphate 
Preincubation temperature 
Non-preincubation control 
60°C 
70° 
80° 
Relative activity aga inst non-pre incubation 
control(' 
Without PRPP With PRPP Ratio 
100% 100% 1.0 
94.1 114 0.83 
70.5 82.8 0.85 
19.6 64.1 0.31 
"Enzyme was preincubated for 10 min at the indicated temperature 
with and without 1 mM phosphoribosyl pyrophosphate (PRPP), quickly 
chilled, and centrifuged for 30 min a t 20,000 Xg. The enzyme activity 
in the supernatant was determined by cellulose ace tate membrane 
electrophoresis using guanine as substra te. The activity is shown as 
percent against the non preincubation control. 
The ratio is different in the relation to depth of epidermis. 
This result suggests that the HGPRTase plays a biological role 
on the cellular metabolism independently of APRTase. In fact, 
adenine nucleoside phosphorylase, which catalyzes adenosine 
to adenine by transphosphorylation, was not detected in bovine 
snout epidermis [12]. However, pw-ine nucleoside phosphor-
y lase for guanine and hypoxanthine was present in the epider-
mis. HGPRTase was widely distributed in the various tissues. 
Therefore, the salvage pathway including HGPRTase is consid-
ered to be an essential constitutional enzyme in cellular metab-
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FIG 5. Determination of molecular weight of purified hypoxanthine/ 
guanine phosphoribosyltransferase according to the method with Seph-
adex G-200 column. Two-tenth ml of 0.2% purified enzyme and a 
number of markers of known molecular weight (blue dextran, hexoki-
nase, trypsin and bovine serum albumin) were applied on gel filtration 
column (0.9 X 30 em) . The amounts of appropriate elu tion showing the 
highest a bsorbance at 280 nm in each protein were plotted aga inst the 
known molecular weights. 
olism. Much of the recent interest in HGPRTase has been 
focused upon the possibility of being involved in control mech-
anjsms between de novo and salvage synthesis of DNA. 
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